ABSTRACT Background: Serving larger portions of low-energy-dense vegetables at a meal could have beneficial effects on children's food and energy intakes. Objective: We investigated whether increasing the portion size of vegetables served at the start of a meal leads to increased vegetable consumption and decreased meal energy intake in children. Design: In a crossover design, 3-to 5-y-old children in a daycare center were served a test lunch once a week for 4 wk (n = 51). In 3 of the meals, a first course of raw carrots varied in portion size (30, 60, or 90 g), and no first course was served in the control meal. Children consumed the first course ad libitum over 10 min and then were served a main course of pasta, broccoli, applesauce, and milk, which was also consumed ad libitum. Results: Total vegetable consumption at the meal increased as the portion size of carrots increased (P , 0.0001). Doubling the portion size of the first course increased carrot consumption by 47%, or 12 6 2 g (P , 0.0001). Tripling the portion size of carrots, however, did not lead to a further increase in intake (P = 0.61). Meal energy intake was not significantly affected by the amount of carrots served in the first course. The effect of portion size on intake was not significantly influenced by the children's age or body weight status. Conclusion: Increasing the portion size of a vegetable served as a first course can be an effective strategy for increasing vegetable consumption in preschool children.
INTRODUCTION
Strategies that will increase vegetable intake in children clearly need to be identified. Although it has been established that fruit and vegetables are an important dietary component for many reasons, including the vital micronutrients they provide and their role in disease prevention (1) (2) (3) , nationally representative data show that less than half of American children meet their daily recommended intake of fruit and vegetables (4) . One strategy that has the potential to increase fruit and vegetable intake in children is to serve larger portions at meals. In adults, increasing the portion size of pasta, sandwiches, and snack foods has been shown to significantly increase intake of these foods (5) (6) (7) . In children, several studies have shown that portion size can affect the intake of many foods (8) (9) (10) (11) , but the effects of portion size have been less consistent than in adults. The aim of the current study was to determine whether increasing the portion size of a vegetable served as a first course at lunch influences vegetable intake in preschool children.
The effect on intake of varying the portion size of nutrientdense foods such as vegetables has been investigated in several studies. One study in adults found that increasing the portion size of all foods served over 11 d led to increased intake in all food categories except fruit (as a side dish) and vegetables (12) . In children, a recent study varied the portion size of the fruit and vegetable side dishes, whereas the entrée portion was kept constant (13) . The results showed that when the portion size of the fruit was doubled, intake increased, yet when the portion size of 2 vegetables was doubled there was no significant change in intake. Thus, larger portions did not influence vegetable intake when competing foods were available. It is not known whether serving larger portions of vegetables at the start of a meal in the absence of competing foods affects vegetable intake.
Increased consumption of vegetables at the start of a meal could affect the type or amount of food eaten during the rest of the meal. In adults, adding a first course of vegetables has been shown to reduce meal energy intake. In one study, salads differing in portion size and energy content were served to women as a compulsory first course (14) . The results showed that consumption of a low-energy-dense salad decreased energy intake in the subsequent course and over the entire meal. No data in either adults or children indicate whether providing different portions of vegetables as a first course to be consumed ad libitum will affect vegetable or energy intake at the meal. The purpose of the present study was to determine the effects of serving preschool children different portions of a vegetable as a first course at lunch on vegetable consumption and energy intake at the meal.
SUBJECTS AND METHODS

Experimental design
A within-subject crossover design was used to test the effect of varying the amount of carrots served to preschool-aged children as a lunch first course on food and energy intake. On 1 d per week for 4 wk, children in a daycare setting were provided with a test lunch. Across the weeks, the portion size of carrots served in the first course was varied (30, 60, or 90 g), and during 1 wk no first course was provided. The foods and beverages served in the main course were not varied in portion size. On test days, a standard breakfast was served '3 h before lunch to maintain a similar level of hunger before lunch. All foods and beverages were consumed ad libitum. During the week before the study, 1 d was used to acquaint the children and teachers with the test meal procedures; no data were collected on this day.
Participant recruitment
Recruitment began in April 2008 by distributing letters to parents who had children aged 3-6 y enrolled in daycare at the Bennett Family Center at the University Park campus of The Pennsylvania State University. Children were enrolled from 5 classrooms; the order of the experimental conditions across study weeks was assigned to classrooms by using a Latin square design. Parents and guardians provided informed written consent for both their own participation and that of their child. The Pennsylvania State University Office for Research Protections reviewed and approved all procedures.
A power analysis was performed to determine the number of children needed in the study, based on previous research in a similar population of children with similar foods (11) . The minimal clinically relevant difference in meal energy intake was assumed to be 40 kcal, which is '10-15% of typical meal intakes in this population (11) . It was estimated that a sample of 44 children would allow the detection of this difference with .80% power with a 2-sided test with a significance level of 0.05.
Test foods and meal procedures
The foods and amounts served at the test meal, which was served once per week for 4 wk, are shown in Table 1 . Raw carrots were chosen for the first course vegetable because they are popular among preschool children (15, 16) . The smallest portion size of carrots (30 g) was selected based on the mean carrot intake per eating occasion for children in this age group (15) ; this amount was doubled and tripled to determine the larger 2 portion sizes. The 60-g portion is equivalent to a 0.5-cup (118 mL) serving, which represents one-third of the recommended daily vegetable intake for most children aged 3-5 y (17). The carrots were served with low-fat dip because studies in older children have shown that the preparation method influences the acceptability of vegetables and that children particularly prefer vegetables served with dip or cooked with butter (18) . The remaining items served at the test meal (pasta, broccoli, applesauce, and milk) were also familiar to the children in the daycare center. The portion sizes of these foods were based on consumption data from previous research with children in this age group (11, 19, 20) . Cooked broccoli was served as the vegetable component of the main course in all test meals to comply with the National School Lunch Program (21) ; this also allowed the examination of the effects of the vegetable first course on vegetable intake in the main course.
Lunch was served to all children in the participating classrooms at the regularly scheduled time and was eaten at tables with 3 to 6 children and 1 adult, which is the standard practice at this facility. Once children were seated at their tables, they were served the first course of carrots. Ten minutes after serving the first course, the remaining carrots and dip were removed and the main course of the lunch was served. A 10-min interval for the first course was selected based on teacher recommendations and the amount of time allotted for the lunch meal. In the condition with no first course, children were served the main course on being seated. Incidents of food and drink spillage were recorded by researchers. Teachers were instructed to redirect conversations pertaining to food to nonfood-related topics to minimize the influence on lunch intake. When children finished their lunch, spilled or dropped food was returned to the correct dish, and any spilled milk was recovered with paper towels. Uneaten items were removed, and weights were recorded to the nearest 0.1 g with digital scales (Mettler Toledo model XS4001S, Mettler-Toledo Inc, Columbus, OH). Consumption of the foods and milk was determined by subtracting postmeal weights from premeal weights. Information from food manufacturers and from a standard food-composition database (22) was used to calculate energy content.
Food acceptability assessment
Within 2 wk of completing all test meals, the children's acceptability of the experimental foods was assessed by using a procedure developed by Birch et al (16, 23, 24) . Children were instructed on the use of 3 cartoon faces to indicate whether they thought a food was "yummy," "okay," or "yucky." After instruction, each child was presented with a sample of carrots and dip. The child was asked to taste the carrots and indicate their acceptability by pointing to the appropriate face. The carrots and dip were then removed, and the child was presented with a sample of pasta. The child was again asked to taste the food and point to the face that corresponded to their degree of acceptability.
Demographic and anthropometric measures
Parents were asked to complete a questionnaire, which consisted of 19 questions about family demographics and the health status of their child. Body weight and height measurements of the children were taken within 2 wk of the final test meal. Body weight was measured in duplicate with a portable digital scale (Seca Onda model 843; Seca Corporation, Hanover, MD). If the 2 measurements differed by .0.1 kg, a third measurement was taken and the measurements were averaged. Height was measured to the nearest 0.1 cm in duplicate with a portable stadiometer (model 214; Seca Corporation). If the 2 measurements varied by .0.2 cm, a third measurement was taken and the measurements were averaged. The children's height, weight, and age were used to calculate their sex-specific body mass index-for-age percentile and z score for body mass index-for-age by using a software program from the Centers for Disease Control and Prevention (25) .
Statistical analysis
Data were analyzed by using a mixed linear model with repeated measures (SAS version 9.1; SAS Institute, Cary, NC). The fixed factors in the model were carrot portion size (0, 30, 60, or 90 g) and session number; subjects were treated as a random factor. The factors of children's food acceptability ratings and sex were also investigated. The main outcome measures were weight and energy intake of carrots and all other foods as well as total vegetable intake and total food and energy intake at the meal. Total vegetable consumption at the meal (carrots + broccoli) was assessed to investigate the effect of vegetable intake in the first course on this outcome.
Children who consumed all of the carrots (95% of the weight served) at any meal were identified, and data were analyzed both with and without these children to determine whether they influenced the results. The effect of individual children who were influential on the main study outcomes was assessed by using the procedure of Littell et al (26) .
Differences between girls and boys in age, body weight, height, BMI percentile, and BMI z score were analyzed by using t tests. Analysis of covariance was used to assess the influence of continuous variables (age, body weight, height, BMI percentile, and BMI z score) on the relation between carrot portion size and the main study outcomes. Data are reported as means 6 SEMs, and the results were considered significant at P , 0.05. The Tukey-Kramer method was used to adjust significance levels to account for multiple comparisons.
RESULTS
Subject characteristics
A total of 51 children were enrolled, and all of them completed the study; participant characteristics are shown in Table 2 . Study participants had a mean age of 4.4 6 0.1 y and a mean sexspecific BMI-for-age percentile of 63.5 6 3.7; 24% of the children were overweight (n = 6) or obese (n = 5). Mean age, body weight, height, and BMI percentile did not differ significantly between the boys and girls. Of the 51 children in the study, 46 parents provided demographic information for their children. Of these 46 children, 28 (61%) were white, 14 (30%) were Asian, 3 (7%) were black or African American, and 1 (2%) was American Indian or Alaska Native. Parents of the children had above-average educational levels and household incomes; 90% of mothers and 85% of fathers had a college degree, and 79% of households had an annual income .$50,000.
Vegetable intake
Intake of carrots in the first course was significantly affected by the portion of carrots served (P , 0.0001; Figure 1 ). Doubling the portion size from 30 to 60 g led to a significant increase in carrot consumption by 47%, or 12 6 2 g. Tripling the portion size from 30 to 90 g led to a significant increase in carrot consumption by 54%, or 146 3 g. There was no significant difference in carrot consumption as carrot portion size was increased from 60 to 90 g (P = 0.61).
Total vegetable consumption at the meal (carrots + broccoli) increased as the portion of carrots was increased (P , 0.0001; Figure 1 ). Broccoli consumption was not affected by serving carrots as a first course, regardless of their portion size. When no first course was served, the mean vegetable consumption was 20.5 6 2.6 g, or about one-third of a 0.5-cup serving. Vegetable consumption more than doubled to 44.4 6 3.2 g when 30 g of carrots were served as a first course. When the carrot portion size increased to 60 g, vegetable consumption nearly tripled to an average intake of 58.2 6 4.3 g compared with having no first course. This amount is equivalent to approximately a 0.5-cup serving, or one-third of the recommended daily vegetable intake for most children in this age group (17) . Approximately 60%, or 31 of the 51 children tested, consumed 95% of the carrots in the smallest portion size condition, and '20%, or 11 children, consumed 95% of the carrots in the middle condition. Only one child consumed 95% of the carrots in the largest condition. When the 31 children who consumed all of the carrots in the smallest condition were removed from the analysis, the portion size effect on carrot consumption was no longer significant. When the 11 children who consumed all the carrots in both the smallest and middle condition were removed from the analysis, the portion size effect on carrot consumption remained significant (P = 0.001). With these 11 children removed, the average carrot consumption in the middle and largest conditions was significantly greater than the average carrot consumption in the smallest condition; in the 30-, 60-, and 90-g conditions, the average carrot intake was 23.3 6 1.4 g, 29.8 6 2.5 g, and 31.8 6 2.9 g, respectively.
Although increasing the portion size of carrots led to an increase in carrot consumption, the larger portions were also associated with an increase in the amount of uneaten carrots (P , 0.0001). Of the 30 g portion, a mean of 5.3 6 1.1 g carrot was uneaten. In the 60 g condition, the mean amount uneaten was 23.8 6 2.6 g, and in the 90 g portion, this value was 51.9 6 3.2 g.
Meal food intake
Food and beverage intake at the entire meal (first course + main course) is shown in Table 3 . Providing a vegetable first course led to an increase in the weight of food consumed at the meal compared with having no first course (P = 0.003). Intake of the individual main course food items did not differ across the 4 conditions. Milk intake was greater in the 30 g carrot condition (P = 0.0004), which was attributable to increased milk consumption in one classroom at one meal. Although there was an increase in carrot intake with an increase in portion size, the amount of dip consumed did not differ significantly as the portion size of carrots was varied. In each condition, 30 g dip was served, and the mean intakes were 6.1 6 0.8, 7.7 6 1.0, and 7.1 6 0.8 g in the 30-, 60-, and 90-g conditions, respectively. 
Meal energy intake
Despite an increase in vegetable consumption when carrots were served as a first course, there was no significant difference in total meal energy intake across the 4 conditions (Table 3) . Energy intake of individual meal components did not differ, with the exception of milk (P = 0.004), which was greater in the smallest carrot condition than in the other conditions. The average meal energy density was 1.18 6 0.05 kcal/g when no carrots were served, which decreased to a mean of 1.07 6 0.03 kcal/g when any portion of carrots was served (P , 0.0001). The average energy intake from the dip was ,6 kcal in all conditions and did not change significantly across conditions.
Influence of subject characteristics
Acceptability ratings for the carrots and pasta were collected for 46 of the 51 children. Of these, 42 children (91%) rated the carrots and dip as acceptable ("yummy" or "okay"), and 43 children (93%) rated the pasta as acceptable. Ratings of acceptability of the carrots did not significantly influence the effect of portion size on carrot intake (P = 0.51 for interaction). There were no significant differences between boys and girls in total lunch food intake (284 6 8 compared with 267 6 9 g; P = 0.18) or energy intake (366 6 15 compared with 374 6 17 kcal; P = 0.70). Analysis of covariance showed that the effect of carrot portion size on lunch energy intake was not influenced by the children's age, height, weight, BMI z score, or age-and sexspecific BMI percentiles (all P . 0.36).
DISCUSSION
The findings of this study showed that increasing the portion size of a vegetable served as a first course led to increased vegetable intake in preschool children. Children consumed 47% more carrots when the portion size was doubled from 30 to 60 g. This greater intake of vegetables at the start of the meal did not affect the amount of vegetables consumed at the main course, which led to a significantly greater vegetable intake at the meal. The increase in vegetable intake from one-third of a serving to one serving at a single meal was substantial, particularly considering that most children consume less than half of the daily recommended amount of fruit and vegetables (4) . The results of this study suggest that increasing the portion of a vegetable served at the start of meal is a useful strategy to increase vegetable intake in preschool children.
The effect of serving additional vegetables at a meal on vegetable intake may be influenced by factors such as the timing of serving the vegetables and the characteristics of the other available foods. In a recent study, Kral et al (13) doubled the portion sizes of 2 vegetable side dishes and 1 fruit side dish at a meal and tested its effect on intake of 5-to 6-y-old children. The results differed from those of the present study in that doubling the portion of vegetables did not affect vegetable consumption, whereas doubling the portion of fruit did lead to increased fruit consumption. This suggests that, in the present study, serving vegetables at the start of a meal in the absence of competing foods was an important factor in promoting vegetable intake. In addition, the finding that increased vegetable intake in the first course did not affect vegetable consumption in the main course may be attributable to sensory differences between the vegetables served in the 2 courses. Providing a variety of foods has been shown to increase intake in 8-to 12-y-old children (27, 28) as well as in adults (29) . Serving vegetables with different sensory characteristics may reduce the effect of sensory-specific satiety, the phenomenon in which foods with similar sensory properties decline in perceived pleasantness as they are consumed (30, 31) . The results of the present study suggest that vegetable consumption at a meal can be enhanced by serving vegetables alone at the start of the meal and ensuring that they have contrasting sensory properties to vegetables served later in the meal.
There are several possible explanations for the finding that the increase in portion size did not continue to affect vegetable intake across the entire range of portions. The time available in the daycare center for consuming the first course may have been a limitation. It is possible that if more time had been provided, a greater amount of carrots would have been consumed when large portions were served. Another factor that may have limited the consumption of large portions of vegetables is the preparation technique. For example, serving vegetables that are cooked or cut into bite-size pieces may reduce the amount of chewing and the time required for consumption, which could lead to increased intake. Although in the present study the carrots were well liked, previous research has shown that enhancing the palatability of vegetables by cooking them with butter increases intake in older children (18) , and this may also apply in young children. The variability in the results of portion size studies in children indicates that all of these factors require further attention.
Although it is important to increase vegetable consumption in children, a concern regarding serving additional vegetables is that such strategies may also lead to greater amounts of uneaten food. It is unrealistic to expect childcare providers to serve large portions if much of it will be discarded. The amount of uneaten food may be reduced by implementing some of the strategies previously mentioned, such as increasing consumption time or varying the preparation technique to make the vegetables more palatable and easier to consume. Another approach to reduce uneaten food may be to serve vegetables "family-style," whereby children serve their own portion from a large serving bowl. This approach, however, may limit the beneficial effect of serving large portions of vegetables on vegetable intake. Orlet Fisher et al (32) found that when children served themselves an entrée, they consumed 25% less than when they were served a large portion. Further research is needed to determine optimal vegetable portion sizes so that consumption is maximized while the amount of uneaten food is minimized and also to understand how serving vegetables "family-style" influences vegetable intake in children.
The results of the present study did not support the hypothesis that consuming vegetables as a first course would affect energy intake at the meal. A few studies have shown that young children have some ability to compensate for food consumed in the first course of a meal by reducing energy consumed in the subsequent course (30, 33, 34) . In those studies, however, the first course consisted of a fixed amount of food that the children were asked to consume in full; thus, the items tested were highly palatable foods such as pudding and muffins that were relatively high in energy density. None of the studies in children have examined the effect of serving a low-energy-dense food as a first course. In adults, research has shown that consuming 150 g to .500 g of a low energy-dense first course (salad, soup, or fruit) decreased intake of the higher-energy-dense main course and reduced meal energy intake (14, 35, 36) . In the present study, intake of the low-energy-dense first course was a much smaller amount than the amount consumed in previous studies in children and adults. It seems probable that this amount of food was insufficient to displace intake from the main course. It remains possible that consumption of a larger amount of vegetables as a first course by children might lead to a reduction in energy intake at the meal.
The use of portion size as a strategy to increase vegetable intake was found to be effective in preschool children who varied in individual characteristics such as body weight and age. Children with a body weight status across a wide range of BMI percentiles responded to the increase in portion size. This finding agrees with the conclusion of a recent review by Fisher and Kral (37) , which states that there is insufficient evidence to suggest a relation between portion size effects and body weight status in children. The influence of children's age on the response to portion size has been found to be less consistent between studies. In one study, when the entrée portion size was doubled, intake increased in 5-y-old children, yet there was no effect on intake in 3-y-old children (8) . In other studies (11, 38) , as well as in the present study, there was no significant influence of age on the relation of portion size to intake of 3-to 5-y-old children. A larger sample of children with a wider range of individual characteristics should be tested to further examine the influence of these individual characteristics on the response to portion size changes.
A strength of the present study was the paradigm used to test portion size effects on intake of a 2-course meal in young children. Several previous studies testing a manipulated first course in children used a protocol in which a fixed amount of a first course was provided before an ad libitum main course (30, 33, 34) . By having both the first and main courses consumed ad libitum, we were able to measure portion size effects on both intake of the manipulated course and the subsequent course. An additional strength of the study was the ecologic validity achieved by testing the children in their natural lunchtime environment with their peers and by serving foods typically consumed by the children. A limitation of the study was the use of a convenience sample from a single childcare center on a university campus. Parents of the children had above-average education levels and household incomes. A more diverse sample population should be assessed to generalize the results to a broader population. In addition, the study examined a single meal. Further studies are required to explore the effects of vegetable portion size on intake over a longer period of time.
The present study showed that increasing the portion size of vegetables served at the start of a meal, in the absence of competing foods, can lead to increased vegetable consumption in preschool children. Childcare providers can promote vegetable consumption in young children by serving large portions of vegetables at the start of a meal. The results strengthen those of previous studies showing that portion size can influence intake in children and that this effect can be used in a beneficial way to increase the intake of vegetables in children.
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